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Summary of the reported work .

The present :epcrt is to be censzde;:ed asa ﬁzrect centmuatzen of .

 FTR No. 2, May 30th 1960, (Ga.atract numhc*‘ DA-91- 593 EUC- 1335)

The materzal hag heen grcuped in the following main sectmna*

~ 1. Separation methcés based upon partitzon in two-phase system’s‘ '

éentammgwater soluble poiymers (Dr. P. A Albertsgen and cel-

Jaborators)

Z. Separation methods based upon electrophoresis

Drs. J. Férath; S. Hjertén and cbllabcraters

3, Separat;on methaés based upon chremategraphy ard similar

Eracednres {molecular sievin }{Brs J. Porath, 8. ﬁsertén and

‘collaborators )

-4, Separatmn meth&éa hased upon stratzfzcatmn bg denszty d;ﬁerencg

in packed uitracentrzﬁiga.l sediments. (Dr. O Levin and cnlla’barators.} o

- Although the mam pa.rt of the re sparch wsrk has been éxractaé towards

the deveicpment and 1mprmrement Df separatmn methads this has been

écne with much attentmn to possible apphcat:ans and many such exa.mpies

are reparted foz- exarnple new ‘possibilities af virus purifxcatmn, separatmn ‘
' of bacteria and athar m:crohmlaga:al matenals, etc, Some prece&ares

~ which erzgmally were zntreﬁuce& chzeﬂy ior partxcie separatmn have

been exteaded also to smalier maleculcs, whereas other precedures

which have ‘chear main application in the low mciecularwezght field

- have now been rémdified to be usefiﬂ aiso wzth large msiecﬁles and

partxcies in both cases a surpnsmgly hzgh &egree of spec:fzczty has

7 often been abserved It is believed that the new methaés fcr ﬁxe

separahan ef bzeiag}ca.} particles, ‘beu;g both haghiy specific and

: ceénpafatively'gentle (non-distractive) will prove of value not only k
- for preparative purposes but also as an approach to the study of

the micro-struciure of biological r"nateriais of all kinds.




1. Two-phase partition

The investigations of Albertsson and his collaborators.form the
most extensive part of the project under the contract. A detailed report
coveiing the results obtained up to November 1960 was published as Dr.
Albertsson’s thesis and was submitted in QTSR number 2. Further
copies are available on request. The monograph is also distributed by
John Wiley and Sons, Publishers, New York. References are given in
this publication also to a number of applications of the mcthod by

Albertsson and by other authors.

Recently Albertsson and Baird ( from the University of Cambridge,
England, guest of the Institute) have carried out fractionation experi-
ments with various microorganisms using aqueous two-phase systems.,
It has been shown that many different microorganisms may be separated
from each other by one single distribution step. When different, but
closely related strains, of the bacterium Escherichia coli has been
tested a partial separation is obtained by one single distribution.
However, by applying a multistep procedure such as the liquid-
interiace counter current distribution (see the thesis by Albertsson,
page 172) it is possible to fully separate even very closely related
organisms. Thus Fig. 1 shows a separation of a mixture of the two
strains K 12 Hfr and ML 3081 of Escherichia coli. The lower curve
of Fig. 1 shows the extinction in each tube and the upper curve shows
the number of colonies of the strains in each tube, The two strains
cculd be distinguished by the fact that the one, K 12 Hfr,, is Lact
and that the other ML 3081 is Lac .

As a whole the introduction of multi-step procedures in this type of
separation (counter-current distribution) has been one of the main
points in our most recent work. It has been possible.in this way to
increase the resolution quite considerably and it is interesting that

countey-current procedures thus can be applied also to whole cells,




‘kce}.l fragments, ‘bacter:a and other ‘maiegzcai part:cies,

The ieilewmg a survey by Albcrtssan of the present resuits, '

as qucteﬁ from the summary in the abave mentmned monograph:

P 228-229:

" The dzstn‘btztmn of various ceti parhcles and b1elcg1ca§ macro-

- molecules in 3quer_>as polymer twe-phase systems is {iescrﬁ}eé The

partzcies stud;ed include whele (:el}s, macrasomes, hacterwphages, an&

, ‘v:r&ses anc‘; the macremelecuies smﬁaed znciaée pretems m the meiecular

, welght range 58 i}ﬁa - 10 000000 anci aurlazc amds.

The purpose of thzs study has been to dexfelep parutwn methods ior

kcharactensatmn and fractmnatmn of biological particles and macromsle~

~cules,

“The phase systems arz constructed by mixing agueous solutions of

two &iﬂereﬁt polymers. A large number of such phase systems hé.ve :

been analyzed in detail; the phase compssatasns and phase diagrams

-are gwen in Chapter 2 The pclymers znclude bcth non-ionic pelymers

' ‘ané palyelectraiy{es.

The é:strzbutmn of a partacie depends on the nature and size uf its’
surface and the nature of the phase system. ‘I‘heeretieaﬂy, it can be

shown that the larger the particle size the more éne-sided the distri-

‘bution. It can also be shown that acissrptian of particles at the interface
‘is favoured the larger the particle size and the larger the interfacial k

tension between the phascs,

The experimental results are in qualitative agreements with those

expected from theory. Thus, in I_m‘i}rmeéf-gohrmer two-phase systems,

smaller molecules, like the smmlier prctein molecules, ‘partitian eveniy

bst&#cﬁ thﬂ gha=es, while 1:;"" r mc}uculf** or particles such as viruscs
‘and h;ghiy paiymenzeé nuciezc aczds eollect predammantly in one d

the phases or at the ;nterfa{:e A reiatma hetween the surface area a.nd

the part;txsn coefficient of prstems and viruses ina dﬁxtxfan-methyl
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Fig. 1. Separation of two strains of the bacterium Escherichia
coli by counter current distribution. The lower curve shows the extinc-
tion times the volumne in each tube. The upper curve shows the number of
colonies in each tube. The ome strain, K 12 Hfr, is Lac+( - @ -)and

the other strain, ML 3081, is Lac” { - © - ).
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cellulose system has been found.
The phase systems have been used fot fractionation of rat brain
microsomes and for countercurrentdistribution of proteins. The parti-

tion of a protein follows the Nernst partition law, that is its p&rtitibﬁ

coefficient is independent of protein concentration and the presence of

athe: proteins. The value of t.he partztmn coefficient may thus be aseé ,
for the characterization of a protem. Considerable fractxanatmn ef

protein mixtures may be arhzewd by cauntercurrent dsstrzbutm:; usmg

a dextran-geiyethylene glycol system with a suztabie salt csntent.

The phase systems have alss been applied fer conceatrat:en and

purification of viruses. By adémg poiymers in certam proportions to a

virus culture, the virus activity zz';é,y be almost completely transferred

to a smalil volume ;Jha.se. This proce&nra can be carne& out in several
steps. Thus a virus act;vzty :nay be contentra.ted as much as IGG-
10 {}08 txmea. Other sabstances than vu-uses, such as pratems and ceiI
fzagmants, distribute ina dafferent ma nner in the phase system.. a

purification of virus is therefore alsc obtamed;

‘The viruses tested include bacteriophages and a large number of N

animal viruses. Methods for the prepaéaticn of almost pure phage T2

and Echo virus are &est:ribe'i.

The ézstﬂbutmn of antigen- antzhody m:xtures in twc-phase sgstems k

is descnbed The results show that an mcreased sensitav:ty in measurmg

an'unmuﬁaiﬂgacal reaction in the’ aat:gen excess {:an be a’chieveé "

‘ fﬁy two-phase systems.

-




2. Electrophoresis

The optimal conditions for the electrophoretic separation of
mono- and oligosaccharides have been studied by Drs. J. Porath
and B, Waligora, using zone-column type of apparatus described in
earlier reports and borate or germanate buffers. The resolution
is satisfactory and it is inte resting that by use of micro-columns, the

method can be used as an analytical procedure.

The results will be published in Journal of Chromatography.

Also an extensive investigation on electrophoresis in gels
has been made, chiefly by Dr. 5. Hjertén and his collaborators.
It has been shown that agarose, a component of common agar, is
much superior to agar as a medium. This is particularly important
in so~called immunoeletrophoresis. A description of the procedure
will appear in Biochimica et Biophysica Acta.

Suspensions of certain weak gels (e.g. agar or agarose) are
convenient media also for sepration of very large molecules and
particles, as shown by Hjertén. Hjertén has further improved his
revoliring tube apparatus for free zone electrophoresis, especially
with rcgard to the optical observation methods (see also FTR No. 2
pp. 15-17).

. Ch ronlétography

Much attention has been given to various applications of the
new ""Sephadex' materials, which may aét as molecular sieves in the
separation of substances of molecular weights up to about 100 000. So
far the resulta.have been particularly useful with polypeptides and
similar substances.

Thus Dr. Porath ( in collaboration with miss E.B. Lindner)
has developed raethods for fractionation of low molecular weight

peptides. They are based on molecular sieving in Cross-linked

s
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7 dextran gels (Sephadexes) and :mght ta hsti apphcataen in other fzel&s.

Separatzan of trzpep*zdes or even hzgher paptzdes irem amino

; acids s not easxiy achieved in Sephadex when ordinary ae;ueoua

media are used. One of the new methods is based on restricted

swelling of the géi su‘nstance in mixeii organic solvents.

Anather method utilizes hath molecular saavmg and ion exclus;an k

' ané perrmts raps.& fra.ttmnatmn of substanres w‘uc}a deffer in charge
. but not in moiecular weight or vice versa. Presumably, it sheuld

: be weii suited both fcr analyucal apphcatxoas and fer iarge 5ca§e

fract:cnatmns
Sz.mala.riy Hjertén and Mosbach have axammed the pussszh*zaes

of using a bed of Cross- imked gelyacryiamlde for chrem tography of

. proteins by ene-ste;a elution. A large number of pratems have heen
i chromatagrgphed on this poiymer, and these exper:ments show that
- there isa ciear correlation between the molecular wezght af the

‘ pretems and tha:z‘ emergance fmm the column. in th:s respect a

. cciamn of crsss-hnked palya{:ryiamzde zesembiﬁs one af starch

‘ /G H. Lathe and C. R J. Ruthven, Bzechem Jo 62, 665 (i?SS)/

‘or "Sephadex /3. Porath and P, quézn, Nature, _1__8_3_, 1657 (1959/.

.An' imgeztan‘t difference is, hawevér, that pciyacrflamide bas the

' ahzhty to se:parate subsiances of :nuch ingher molecular we;ghts,

ior msta:nces phycoerythrin {m w. 2?% é@@} is characterzzeé by an

R f-value ef 0.9 when chrsmatographed ona coiunm packed wzth

, t}ns polymer Table 1. éemcnst:ates the relatmn between R f-vahies

of a suhstance and its molecular wa;ght
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Table 1.
The Rf-values of some substances chromatographed on cross-

linked polyacrylamide.

Substance Molecular weight R f-value
- Phycoerythrin 290,000 0.9
Phycocyanin 135,000 0.8
Haemc globin | 68,000 - 0.6
Carbonic anhydrase 31,000 0.5
Cytochrome ¢ 13,000 0.4
DNP-aspartic acid 285 0.3
Naphtol green X 0.1

Fig. 2 shows a separation of laccase (m.w. 57,000)

and carbonic anhydrase (m.w. 31,000}. The latter enzyme was
labelled with Zn65. This experiment was performed on a column with
the dimensions 1.5 x 22 cm. The volume of the sample was 1 ml.,
and the total amount applicd was about 7 mg. The chromatogram was
developed with 0. 05 M sodium phosphate buffer pH 7.3. The flow rate
was 1.8 ml/h. and fractions of about 0.2 ml. were collected. The
laccase was localized by enzymatic and the carbonic anhydrase by
radioactive measurements.

In an earlier report Hjertén showed the usefulness of a
suspension of agarose as anticonvection agent in zone electro- -
phoresis, He has also used beds of such suspensions for chromato~
-graphy of cell particles and high molecular weight substances, A
relation between molecular weight and R i-value, similar to that
obtained for cross-linked polyacrylamide is valid also for agarose
suspensions, thmigh™ these suspensions show their maximal reso- -
lution for substances of much higher molecular weights. Thus

phycoerythrin migrates on a column filled with agarose suspension i
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with an Rg-value of 0.6, while the corresponding Ri-value on a
column of polyacrylamide is 0.9. That even cell particles can be
fractionated on these columns is evident from Fig. 3, which shows
the chrom;tographic behaviour of microsomes from E. coli bacteria.
About 1 ml. of the sample was filtered into a column { 1.5 x 22 cm) of
1% agarose suspension. The elution was performed with 0.01 M TRIS-
HC) buffer, pH 7.2 containing 0.001 M Magnesium sulfate. The first peak
corresponds to material which is strongly opalescent and therefore
probably contains comparatively very large particles;it is devoid
of absorption maximum in the region 200-300 mp., while the fractions
of the main peak show a strong absorption at 260 mp.

It appears particularly impoxrtant that in these new methods of
chromatography of proteins and other laxrge molecular weight sub-

stances it is possible to elute in 2 medium of constant composition

thus avoiding the step-wise or gradient elution which is normally

necessary in earlier methads.

Stratification (Dr. O. Levin)

This methnd of particle separation is based upon mutual dis-
placement of particles of diffcrent densities in packed ulgracentrifugal
sediments. The main principles were described in FTR No 2 pp. 35~
37. The following are some results obtained during the last year, as
reported by Dr. Levin.

Displacement effects in centrifugation of particles of the same density..

Two samples of polystyrene latex particles have been used for
studies of the displacement effect between chemically identical sub-
stances. Une of the samples had a particle diameter of 880 A, while
the diameter of the other was 13804, Both samples sedimented in
the analytical ultracentrifuge with a single sharp boundary. The sedi-

mentation coefficients were 98 and 219 s respectively.
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The shape of a zone of phycoerythrin after 21.5 hours at 25,000 r.p.m.
in rotor SW 25.
0.90 ml of a 1 % solutiun was put on the tube.
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Separatio;z of erythrocruorin from breakdown products, 120 minutes
at 30,000 r.p.m. in rotor SW 39. Six mg in a volume of 0. 20 ml was
put on, o ' o




- Opfical densify at 260 mu

e
°

o
o

10 20 30
Section nr

Fig. €

Centrifugation of 70 s ribosomes from E. coli, 120 minutes at
25,000 r.p.m. in rotor SW 25. 0.60 ml of a 2 % suspension was pu on.



 The f&ildwing amounts of these two susgenéié#s were m.ixeé with
- each other: | ' ' |

0. 40 mi 880 A wzth 0,40 mi 1380 A
0.6 m1 880 4 with 0. 64 ml 1380 A

0.08 m1 880 A with 0.72 ml 1380 A

These mixtures were placed iﬁ'tﬁeﬁjzee tﬁbes of rotor SW 39 ‘
tégéthe‘r with 2.0 ml of water. The tubes were f:tted w:.th liners
havmg a radius of curvatnre of 51 mm. The rotor was spua at
15,090 R P M for 3{}{} mm&tes After this time aii the material had
sed;:nented

As bothsgsg;ensiéns éanté.iz#ed kli} % soii&s sthe taté‘.l amount in
- each tubé was 8{} mg N |

 The sed:ments were czzt mto abaat it sectzﬁns, winch were
susgendeé in water. A dxop of these suspensions was placed on an
‘electron microscope grz&, a pic ture was taken in the m:crescopes

: ‘and from the prints the nam‘aer of 1380 A and 880 ﬁ particles were

'estlmated ﬁ small portion had been wﬂhdz‘awn from the atartmg
- , suspensmns &cfaz:e centrziugatmn, and were mvestzgated in the same '

Cway. The results : are given in thc fallewmg tabies. -

‘ ‘ Tube I :
 Section ar ‘?a 1380 A partzeles % 888 A partzcles Nr of paz'ncl‘
: ‘ ‘ couated : ’ :
1 0 00 —_— S .
2 0 00 -
3 0 100 e
4 0 100 .
5 48.0 - s2.0 el
) 63.7 . 3.3 . 388
7 69,5 . 305 . 283 .
8 695 305 418 -
9 E This sectmn was lost. ° ’ k

Startang suspension 18.8 . 8L2 . 795




lo.

Tube II
Section nr % 1380 A particles % 880 A particles Nr of particles
counted
1 0 100 -
2 0 100 -
3 82.7 _ 17.3 209
4 87.7 12.3 603
5 80.7 19.3 155
6 80.6 19.4 170
7 86,1 13.9 43
8 86.1 13.9 326
9 Too much aggregates to allow any conclusions.
10
Starting suspension 50.8 49,2 621
Tube I1I
Section nr % 1380 A particles % 880 A particles Nr of particles
counted
1 0 100 -
2 27,6 72.4 347
3 90.8 9.2 329
4 92.6 7.4 421
5 87.3 ‘ 12,7 448
6 91.2 8.8 439
7-10 Contained aggregates.
Starting suspension 66.1 33.9 278

Discussion of the experiment. When the sedimentation coefficients

of the two components in the suspension, and their relative amounts

are known, the compourition of the sediment may be calculated if

ideal sedimentation is assumed. -

Agsuming the cross section of the tube to be a2, the concentra-
tion of the 880 A latex particles to be ¢y and their sedimentation
coefficient to be 8,» the number of particles dnl sedimented during

the time interval dt, is

£
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~ Denoting the 1380 A pasticles with subscript g+ one obtains for the
‘same reasons | ' ’
~dn2 scy 8, ' (dt * a,
The composition of the sediment formed 5urihg the time interv&l dt is
‘given by the ratio

én} = ©1° 8

¥

dnz : ‘.{:‘2 ’,S;’.

and is obviocusly constant uniil one of the particle species is

completely se&imente&,

If these equations are a?plied for calculation of the compositions of

':’che sediments in the centrifuge tubes, one obtains the following results. -

dn k o
Tube 1: 1 - Bi.Z2 . 98
, 2

 should consist of 6.9 % 880 A ?&rtidesand 34,0 % 1!3‘30 A partiéies.

. ény 49.2 98
Tube i 3— = ‘gﬁ:-g s < O 433, which means 30.3 % SSG A
2 A

';:artac}.es and 69,7 % 1380 A ;:artm}es.

dn : : L o
= 233 gg. - 3.339, which means 18. 6 % 880 A

Tube IIL:
. a

parfiaies and 81.4 % 1380 A particies. '

Tﬁere is a great dlffemnee between the calculateé amaunts of 88@ A
,partmies in t}}e lower part of the seéxments, and the ammmts fcund |
Instead of the calculated 66.0 %, the last secimns of tube I cantams
only a little more than 30 %. Fsr tube II and IIT these f1gures are
30.3vs. 14 %, and 18.6 vs. 10 %.

In earlier reports it has been reported about strat:fxcatmn of

ce}.hﬁa:‘ and subcellular campanents. Then it was found that each stra-

tum ccnszsted of one part:cle specaes ~In the experimenté descri‘ced :
hgre th;s is not the case, but the éxﬁerences between the caiculated
and the actuali’g found amounts ef 88{} ﬁ pari:;cies in the 1389 A par-

tzcles scdxmen‘t are so great that one must aﬂsmne some sort of dis-
placement effect also between particles of the same density,

o 188 T S 1. 93&, whicb means fthat the sed@ent o
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Zone Centrifigation in baclied tubes

The difficulties usually met with in zone centrifugation in
.ordinary density gradient columns are well known. They consist
of the appearance of swirling motions caused by the shearing forces
perpendicular to the radial ones during acceleration and deceleration,
and of the so called droplet sedimentation,

The swirling motion, of course, causes convective mees transport.
During acceleration it disturbs the initial zone on top of the column,
during deceleration it tends to sweep out the separation obtained.

The droplet sedimentation depends on the difference in diffusion
velocity of the low molecular weight substance used for formation of
the gradient, and the high molecvlar weight substances in the zone.
The gradient forming substance diffuses more rapidly into the protein
zone than the protein diffusces out of it, Eventually one gets a higher
density in this zone than in the liquid layer just below it, and at this
point the lower edge of the zone starts sedimenting in the form of
small drops.

The disturbing forces acting are much smaller than the centri-
fugal force, and may be eliminated simply by filling the tube with a
stabilizing medium of the same kind as that used in zone ¢lectrophore-
sis experiments, together with the gradient forming solutions. Thesc
packed columns arc very casy to handle, and also seem to stabilize
rather large amounts of material. In the following 2 description of
the application of such 'doubly stabilized" tubes to zone centrifuga-

tion will be given,

Packing materiais. Several packing materials have been tried, e.g.

plastic beads, glass beads, starch from different sources, and
celluiose powder. Of these materials plastic and glass beads gave

a too small void volume, and did not give sufficient stabilization. Celtulose



e

e

30 minutes. After rem:}vzng the celluiose sheets the sampie may be

13,

powdf,r shewed elastic csmpi‘es sian and was discar&eé; Of the

E different starches mvest:gated unhyérciyzeé potato starch gave the
best result, The vezd volume is }:efween 35 and 40 % and the ’
‘elasticity is neghgzbie even at éﬁ Q{)i) R. P, M., w}sen the tube has

v ‘been praperly packeé

 Packin ng of the centrifuge tubes. The fanowing éucrc'se solutior‘ss' have

been 353& for creatmg the denszty grament‘ 15 %, 20 %s 35 %s 30 ;’e )

35 ‘fa, and 43 % /v. The sslutmns aisa contain the bt.ffer saits‘

' Twsntyfaur ml of these solutions is mixed with 20 g cf starch, sa that

6 starch pastes wzth chffarent sugar cvacent:atmns are abtame& The V

. pastes are fﬂied mto the rentrzfuge tubes w:th the pa,sse havmg the
‘hxghest sugar concentration a.t thc battem anci the sne wzth the lewest

Cat the top. Each pcrimn shall a{:capy about one saxth of the tube 1f

linear ("{ensﬂ:y gradient is 6es:red

The tubes are placed in :cter S‘:V ZS and centr:fuged in Spmea

Model L ultracentr:iuge at 25, 90{3 R.P. M. far a f.ew mmntes. The
-~ Hquid squeezed out cf the starch ceiumn is sucked a:ff and replaced by
-starch paste v.uth the lowest sugar cancentratzcn. The tu‘aes are then

centnfuged for SDImmutes and the hquad above the starch column is

removed. ~On top of the column are then placed two or three thick

sheets of cellulose, and the tz;.beé u?'e centrifuged oné‘e‘ more for

';}lated on top of the tubes and c&ntnfugatmn started. ;

When retar SW 39 is used and operatad at 40. {19{3 R P M. ' the

cam;}resszen is more pii}ﬁuun{ ed For this reason it has usually been

; knecessary to mtrsduce fresh starch paste thce. anti a.Iss to repeat
kthe centrzfugatmn with celixsiase sheets once more. In addztmn 11: has
‘ :been Preferabka to use a lower speed than 4& 000 R. P M, durmg the

very first run, in order to G'i‘;ﬁal;z a coutintous azdrgh column.

After this pack:ng pmcedure the campre%smﬁ with cancormtant

ki'back streammg cf hquld is very smail Usuail}r the hack stream;ng ) i
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amounte to about 0.1 ml, when a 5 ml tube is centrifuged in rotor SW
39 at speeds between 35, 000 and 40,000 R. P, M, When rotor SW 25

is used it is proportionally smaller.

Elution. Elution is carried out in the same way as by starch block
electrophoresis. The tubes are first cut into two halves and the

starch columns are sectioned with a razor blade into slices of a few mm
thickness. In the first experiments these sections were weighed be-
fore elution. The ordinate in fig. 2 is therefore given as amount of
protein per g of starch slab, This procedurce is, however, unnecessari-
iy tecﬁous and weighing can usually be omitted. Some scattering of

the points occurs, however, depending on the difficulty to obtain

sections of exactly the same thickness.

Capacity and recovgy.‘ The capacity of each tube of rotoxr SW 39 was

investigated with hemoglobin, When 3 mg was put on the tube, 90 %
of it was recovered after 23 hours at 36, 000 R.P. M. in 5 sections out
of 26, This equals a zone broadness of 1 em, If, instead, 9 mg was
put on, 90 % was recovered in 8 sections, which means 2 zone broad-
ness of 1, 6 cm.

The concentration of hemoglobin in the sample put on the column
has been varied from 1 % to 18 %, without affecting the stability of the
migrating zone.

The recovery of matcrial from the starch column is usually
quantitative, even when such large particles as ribosomes from E.. coli

are centrifuged.

Shape of the zone. Zonc centrifugation is not carried out in scctorial

but in cylindrical tubes, which gives rise to an increased number of
wall impacts by the sedimenting molecules. These impacts favour
the formation of clusters of molecules. The density of a volume

element containing thesc clusters may be higher than the density of
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; the surraundmg liquid, causing transpsrt by cnnvectisn instead of

sedmzentatmn.

This effect may be éééily studied when ﬂentri{ugationis carrieé

out in packaé tubes‘ and is siiustrated in fig. 4, As is seem the

;front {}f the zone'is cur?ad, and’ the paris of the zone satuat;d .

{:iasest ta the weﬁls are the* 1eadmg ones. If the sedzmentatmn had

‘taken pla&:a inan 1{3&&3 wa’y, these parts shoulé have been the tz-azlmg
~ones, sztuateé a smaii distance hehmd the frcnt af the zone at the

centre of the tube. This indicates a rather great d:sttzrbance of

the ngratzsn due ta the cell wall m';.pacts.

. Some sgstems inveétigated Eiythmcmorin. ‘This strsngly caiaared

pratem has a sed:mentatwn caeffm:ent of 58 &, imt it easaiy breaks

- down to smailer umts. ~ A segaratmn ef mtact erythracrunrm frem
_bruakdo\vn praducts with a sedxmentatmn coefficient cf 16 8 xs shcwn

in f:g.’ 5. Sixmg of protein in a vco}ume of {},Zsmi was put ona

ot

‘tube to rotor SW 39 and run at 30, 000 R.P. M. for 120 min, A good

separation was obtained.

*

- Phycoerythrin - phycocyanin. These proteins were‘inﬁresiigated in
phosphate buffer of pH 7, where the sedimentation ceeffﬁf:ient is 12.0 s

for phycéeryﬁhrin and 6.2 s for phycocyanin. They were sepérateé

from each uiher’ after 300 min. at 36.000 R. P. M. In addition tcfthe

oréinaryproieins a zone with the'colstzr of phycoerythrin was found

to sechmezat more slewiy than ph}'cocyanm. " This zone ‘ceztainiy ‘:

consists of spht products wzth sedxmpntatmn ccefﬁmenta arcund 3 8.

' Ceruiﬂplasmm - albumin. - Thi. sedzmentatmn caefﬁczents of these

o ;ﬁmtéiﬁs are ?‘ 1and 4.6 8 respectwely In order to make the aibuman

easdy vzszble it was ccn;ugatsd wzth ﬂuerescem. Expcrzments were
carraed out w:zh total amounts of pmtem i‘}etwt.en 8ix and ninc mg per

tube, The rcter was run at 35,000 R. P, M. fa: 17 haurs and 20 ; mm. ‘

Camplgte separatien was nstkebtained h;:t the front was aiWays f:ee

L e———
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from albumin and the back was free from ceruloplasinin, ae far
as could be judged by colour.

Ribosomes from E. coli. These particles have a sedimentation

coefficient of 70 s, but may bc dissociated into subunits which secdi-
ment at 50 and 30 5. 0,60 ml of a 2 % suspension of 70 & particles
was centrifuged at 25. 000 R.P.M. for 120 min. in SW 25. The
result is shown in fig. 6. When the dissociation products were
investigated, only a small amount could be cluted from the starch

column,
The experiments by Dr. Levin have quite recently given some very
interesting results, and as the present report is a final one it was

considered desirable to describe this work in some detail.

Implication of the results

I would like to quote the following from FTR Number 2, p. 40,

which is valid also for the results obtained during the last year:

"The present report gives a number of specific applications of the

methods developed or improved, which may serve to illustrate their
usefulness. The demand for highly specific but very gentle separatiom
methods in biochemistry is increasing rapidly and th‘ére are a numberr

of problems which for their study arc highly dependent npon such

mecthods., Recent examples are (to mention only a few) genetic
differences as reflected by differences in specific proteins, and
the increasing attention paid to submicroscopical particles in
connection with the fundamental problem of protein biosynthesis.
Naturally to almost any of the more classical problems in bio-

chemistry and to many problems in basic medical research methods

of the type studied are of key importance. Thus it seems prcobable that

the particle separation mcthods described here will become of prac-

tical importance e.g. in the production of viruscs for vaccination

purposes. Also the two-phase method may become of importance

in plasma fractionation because cf the ease with which it can be per-
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: farméci even on a very iarga 83315.‘*:;
| The material presented in the present repcs:rt further :
streagthar;s these pemts. It is {}bﬂous that we have not Yet fuiiy
- utilized the pcssﬁnhnes of éev‘eiopmg highly spec:f:c Siparataﬁn
‘ methoas, based upon simple a}hysz.coche:mcal phenomeﬂas and
apphcable to biological systems. The possible apphcatmns are

manifold an:i only a small fraction ef them has been expiored.

Summary of personnel utilized during the period.

Research Associates

" Dr. P.A. Albertsson
Dx. J. Porath

Resenrch Assislants

- I}rS Hiertén
Dr. 8. Levin

Teachnical Personnel

Chief Technician Mr. T. Dahm
Instrument maker ~ Mr. 1. Eriksson
- Laboratory assistans ~ Miss E. Nolander ,

; ’ Miss 8 Branﬁefaré
Laboratory attendants Mr 5. "Lﬁvgre‘n
| Mr. L. Ling |
sﬁf{ice ete. 1

wMzrs. M. Rudberg

Sy

L —————




Man hours

Research associates
Research assistants
Technical personnel

Office etc,

Expense for materials

18,

1600 man hours
2500

3600 M
900 e

8600 wen

about 16,000 Sw. Cr.

Uppsala, Juae 11, 1961

Institute of Biochemistry
. (‘

4 / °
“ {‘. “e |.. ./ [ A '
Arnc Tiselius

Director

Professor of Biochemistry

.y
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FTR 3, Suppiemeat ‘

"Oct, 4, B

-+ Contract DA -91- 591 EUC-1462 (Mcdzizcat;an Na, 1)

Accsrdmg to the contract BA 91 591-EUC- iéﬁE, Mcschfzca-

tion No. 1, April 19,1960 the pnn{:ipal m\fesngatar praf A

Tiselius was to undertake a visit to ihe ¥.§ 8.4, i ‘ 1'#3 T 'itﬁ discuss
the results and apphcatmns of the research done under the subject
contract”,

The foliswmg institutes were vzsﬂ:ed

: Sepi 29, 1960 New York . \f';s:t Reckefener Inst;tute, ‘Drs, Meare,

~-Oct. Ist. . ‘ Stein, Crazg, Knnkel ;

Oct. 3. Washington Lecture ét the National Acédémy of Séiea{:es

on invitat ::m by “:Cﬂzé,..nt Bronk, aner‘ at -

‘ the Cesmcs Club, o
V;.s:t Walter Reed Institute (Coi Masan,

Dy, Ha‘nn, Dr. Kne:eblock and others).

Dmner at the invitation of Gangz'al Trudsaa. ‘

I}zscusswns alsc with Dr. Wezss of the
; ‘Arm}r Researcﬁ Oiflee, |
OGet. 5. o " v’zsﬂ. Fo:t Detrick. (Dr. Maxfmld and
s;veral ethers)
Oct. 6. ,’ o " - Visit National Inst:tutes of Health (Drs
| Anfzz;sen, Sabar,’Petersc’en, Sa.raff a.nd
cthers)

Visit Naxsai Research Laboraterzes {Bﬁ

Fr:ess, Benzmger)ﬁzscussmns aisc Wzth

'Ers,‘ Frederich Stone and Carl R. Breﬁfea '

el

Jre——
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Oct. 7,

Oct. 8,

Oct. 10

Oct, 11.

Oct. 12.

COct. 13

Oct. 14.

Oct, 15,

Washington

New York

Indianapolis

Natick
(Mass.)

Natick
(Mass.)

Cambridge
{(Mass.)

Further diccussions with Dr. Weiss. Travel : ,
to'New York.

Visit Rockefeller Institute (Drs. Longsworth,
Shedlovsky, Mclnnes) Sy
Rockefeller Institute (Dr. Lipmann)

Lecture at the Rockefeller Inst,

Visit and lecture at the Eli Lilly’ laboratories

(Dr. Davis and others)

Travel to Concord, Mass. Guest of Dr. Louis

Long Jr.

Visit Natick. (Dr. Sieling, Col. Whitney,

Dr. Cole, Dr. Hasselstrom, Dr, Long and

others).

Lecture at the Organic-Chemical Sympo sium.

Visit Harvard, Dept. of Biology (Dr. Ed.sall)

leave Boston for Stockholm

Total expenses in connection wiith the above travel: § 1,220

(as stated in contract).

Upp

sala June 10, 1961

Institute of Biochemistry

\

4

fo et ./' br ( '. vt

Arne Tiselius

Director

Prof. of Biochemistry
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